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It is pointed out that decays of the type B DD have no factorizable contributions, unless at least one of 
the charmed mesons in the final state is a vector meson. The dominant contributions to the decay amplitudes 
arise from chiral loop contributions and tree level amplitudes generated by soft gluon emissions forming a gluon 
condensate. We predict that the branching ratios for the processes — > Df D~ , — » Df*D^ and i?" 
DfDj* are all of order (3 — 4) x 10~*, while Df'D'* has a branching ratio 5 to 10 times bigger. We 

emphasize that the branching ratios are sensitive to 1/mc corrections. 



1. INTRODUCTION 

Within the standard approach for non-leptonic 
decays one constructs an effective Lagrangian in 
terms of (mainly) four quark operators multiplied 
with Wilson coefficients. The simple and naive 
assumption that the matrix elements of the four 
quark operators factorize as the product of two 
current matrix elements can be shown to be valid 
in the strict limit Nc oo, where Nc is the num- 
ber of colors. In the treatment of _B-meson de- 
cays with energy release of the order of the b- 
quark mass, usually the factorization assumption 
or QCD factorization has been used. However, 
for decays where the energy release is of order 
1 GeV, QCD factorization is not expected to hold. 
Here we discuss non-factorizable contributions to 
the decay modes B'^ 



-,(*) 



where Dl ' is 
a pseudoscalar or a vector meson. At quark level 
such decays occur through the annihilation mech- 
anism bq — > cc, where q — d, s respectively. How- 



ever, within the factorized limit the annihilation 
mechanism will give a vanishing amplitude due 
to current conservation, unless one or two of the 
I?-mesons in the final state are vectors. These 
contributions are proportional to a numerically 
non- favored Wilson coefficient. 

In contrast, the typical factorized decay modes 
which proceed through the spectator mechanism, 
say -B" — > D'^Dj , are proportional to the numer- 
ically favored Wilson coefficient. In our approach 
^ , the non-factorizable contributions are coming 
from the chiral loops and from tree level ampli- 
tudes generated by soft gluon emision forming a 
gluon condensate. The gluon condensate contri- 
butions can be calculated within a recently devel- 
oped Heavy Light Chiral Quark Model (HLxQM) 
12]. This model has been appHed to processes in- 
volving i3-mesons in |2I3) . Both the chiral loop 
contributions and the gluon condensate contribu- 
tions are proportional to the numerically favor- 
able Wilson coefficient. 
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2. FRAMEWORK 

2.1. Effective Lagrangian at quark level 

The effective Lagrangian at quark level reads 



(1) 



where q = d, s and (fi) are Wilson coeffi- 
cients that carry all information of the short 
distance physics above the renormalization scale 
fi. The matrix elements of Qi{fJ.) contain all 
non-perturbative, long distance physics below /i. 
Within Heavy Quark Effective Theory (HQEFT) 
the effective non-lcptonic Lagrangian Cw can be 
evolved down to the scale /i = ~ 1 GeV, and 
below fi = TOc the Wilson coefficients are com- 
plex [j. 

The numerically relevant operators in our case 
are 



Q2 = 4(cl7''6l) CqlJ^cl) , 



(2) 



where L denotes a left-handed particle. At 
fj, = A^, which by construction is the match- 
ing scale within our approach |ll2l3| . one finds 
ai ~ -0.35 - 0.07i and 02 ~ 1.29 + O.OSi. In 
the next section we will see how the currents in 
the operators in Q are bosonized. 

In order to obtain all matrix elements of the La- 
grangian 1^ we need the Fierz transformed ver- 
sion of the operators in To find these, we use 
the relation: 



SijSln - —SinSlj + 2 , 



(3) 



where i, j, k and n are color indices running from 
1 to 3 and a is a color octet index. One obtains 



Qf = ^Q2 + Q2 



+ (4) 



where the superscript F means "Fierzed" , and 

Q^^A{cLin-bL) {qLl^.t''cL), (5) 

where t"" denotes the color matrices. These ex- 
pressions are used to obtain the gluon condensate 
contributions. 



2.2. Heavy light chiral perturbation theory 

The Heavy Quark Effective Theory (HQEFT) 
Lagrangian is: 



Chqeft = ±Qt'^ iv ■ D Q(±) +0(m 



(6) 



where qIj'^\x) is a (reduced) heavy quark field 
{b or c in our case) with velocity v, and qI \x) 
is the field of a heavy anti-quark (c in our case). 
Furthermore, mg is the heavy quark mass, and 
is the covariant derivative containing the 
gluon field. 

After integrating out the heavy and light 
quarks, the effective Lagrangian up to 0{mQ^) 
can be written as a kinetic term plus a term de- 
scribing the chiral interaction between heavy and 
light mesons |2]: 



-9 A Tr 



(7) 



where -ffo^^ is the heavy meson field containing a 
spin zero and a spin one boson: 



(8) 



Here a, h are flavor indices and P± = (1 ± 7 • u)/2 
are projecting operators. The axial vector field 
in is defined as: 



(9) 



where = exp[i(I{/ f)]. Moreover, / is the bare 
pion coupling and H is a 3 by 3 matrix which 
contains the Goldstone bosons tt, rj in the stan- 
dard way. The axial chiral coupling is ~ 0.6. 

Based on the symmetry of HQEFT, we obtain 
the bosonized currents. For a decay of the bq 
system (see Fig. ^ we have 15^: 



Tr 



(10) 



where (up to QCD and 1/toq corrections |2]) 
an = fHy/rriH for H = B,D. Further, Qi'l^ 
is the heavy 6-quark field, vt is its velocity, and 
-ff^^^ is the corresponding heavy meson field. For 
the ly-boson materializing to a Z?, the bosonized 



current qLj'^ Qva ^ is given by ((Tn|l but with 



(+) 



replaced by ' representing the D meson. Vc 
is the velocity of the heavy c quark. 




D+ 




Figure 2. Factorized contribution for — > Df D~ 
through the annihilation mechanism, which give zero 
contributions if both and are pseudoscalars. 



Figure 1. Factorized contribution for 5° — > D~ 
through the spectator mechanism, which does not ex- 
ist for decay mode B'^ DfD~. There are similar 
diagrams with vector mesons. 



The bosonized b 
Fig. n is given by 



c transition current in 



~a^)Tr i/r^"ii?r (11) 



where C,{u}) is the Isgur-Wise function for the B 
D - transition, and Vc is the velocity of the heavy 
c-quark. Furthermore, lu = Vb ■ Vc — vi, ■ Vs = 
MbI{2Md). _ 

For the weak current for DD production (cor- 
responding to the factorizable annihilation mech- 
anism in Fig. 121), the current qI^^ 7^^ iQl7^ is 
given by 1111) with i?^^"* replaced by Hjr\ and 
(■(w) is replaced by C(— A), where X — Vc ■ Vc — 
[M|/(2M|,) - 1]. Note that C(-A) is a complex 
function which is less known than Ci'^)- 

The factorized contributions for the spectator 
and annihilation diagrams are shown in Figs. ^ , 
12 The first diagram do not give any (direct) con- 
tributions to the class of processes we consider, 
but is still important because it is the basis of 
our chiral loops, visualized in Fig. |21 

The chiral loop amplitudes are of order 
(g^mif /47r/)^ compared to typical factorizable 
amplitudes in processes where these exist. 



2.3. The HLxQM 

The HLxQM Lagrangian is 



C 



HLxQM 



= C 



HQEFT 



C 



xQM 



L 



Int 



(12) 



Dt 



Figure 3. Non- factorizable chiral loops for 
D^D^. There are similar diagrams for vector 
mesons in the final state. 



The first term is given in JB)) and the second term 
is described by the Chiral Quark Model of the 
light sector involving interactions between quarks 
and (Goldstone) mesons: 



^xQM = X [l^i-iT^f^ + l5Af,) - m] X 



(13) 



Here m = (230 ± 20)MeV is the SU{3) invari- 
ant constituent light quark mass, and x is the 
flavor rotated quark field given by xl = f^<ZL 
and xr = ^QR: where = {u,d,s) is the light 
quark field. The covariant derivative 2?^ contains 
the soft gluon field forming the gluon condensates 
(besides some chiral interactions) |2I3I5| . 

The interaction between heavy meson fields 
and quarks is described by |2]: 



-Int 



G 



H 



.77WQ(±)+QWijWxa (14) 



where the coupling constant Ga ~ ^Jlmpj /, and 
p is a hadronic parameter depending on m (nu- 
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we obtain a bosonized effective Lagrangian which 
is 1/Nc suppressed compared to the factorized 
contributions. This effective Lagrangian corre- 
spond to a certain hnear combination of a priori 
possible 1/Nc suppressed terms at tree level (in 
the chiral perturbation theory sense). 



Figure 4. Non-factorizable contribution for 
DfDj through the annihilation mechanism with 
additional soft gluon emision. The wavy lines 
represent soft gluons ending in vacuum to make 
gluon condensates. 



merically p is of order one 0) 

Performing the bosonization of the HLxQM, 
one encounters divergent loop integrals which will 
in general be quadratic, linear and logarithmic di- 
vergent 12] • The quadratic and logarithmic inte- 
grals are related to the quark condensate and the 
gluon condensate respectively |2l5j . The linearly 
divergent integral is related to g^. 

The gluon condensate amplitudes can be writ- 
ten, within the framework presented in the previ- 
ous section, in a quasi-factorized way as a product 
of matrix elements of colored currents: as visual- 
ized in Fig. 21 The left part in Fig. ^ gives us 
the bosonized colored current: 



IG 



xTr ^1'7"Li7^'+' (cr^"^ 



^ 647r 

^^{^'^^7•M)1 (15) 



where C^^ is the octet gluon tensor, and F = 
27r/^/ (m^ Nc) is a dimensionless quantity of the 
order 1/3. The symbol { , } denotes the anti- 
commutator. For the creation of a DD pair in the 
right part of Fig. 0] the bosonization of the col- 
ored current ^qI^'' 7" LQ^"-*^ is bosonized 

similarly to (|15|l . but involves Hc^^ and \ 

Multiplying the two colored currents and using 
the replacement: 

5'G^.GS/3 - i7T^{—G^)^{g^o.g.p-g^f^g.c.){l6) 



3. RESULTS 

Summing the chiral loops, the gluon conden- 
sate contributions and the annihilation contribu- 
tions (for vectors in the final state), we obtain, 
for chiral loops regularized in the MS-bar scheme, 
the branching ratios: BR{B^ D+D-) ~ 
4.1 x_10-^, BR.{B° Dt*Dj) ~ 2.8 x 10"'', 
BR{B^ D+D-*) ~ 3.2 x 10"'', and BR{B° 
D+*D-*) ~ (20 - 50) X 10"''. The masses of Ds 
and D* are equal in the formal — > 00 limit. 
Especially the last branching ratio are sensitive 
to l/rric corrections, which should be included in 
a future step of the calculations, like in 3 . The 
numbers above should therefore be considered as 
preliminary estimates. For further details, see 
where results for 5° _D(*)Z3(*' will also be pre- 
sented. 
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